Cancer chiefly occurs in vertebrates. Rare in amphibians, and perhaps common in 14 reptiles, various neoplasms and malignant cancers have been reported with erratic frequency by 15 museums, paleontologists, veterinarians, and pet hobbyists. Unsurprisingly, most herpetofaunal 16 diversity has never been systematically surveyed for the presence of neoplasms owing to the 17 extreme rarity or obscurity of many species. Museum collections can fill these gaps in 18 knowledge, especially when researchers use non-destructive techniques. In this study, we used 19 X-ray computed tomography to discover and characterize an osteosarcoma of the spine in a rare 20 South American coralsnake, Micrurus ancoralis. Two spinal vertebrae were completely fused 21 and adjacent vertebrae showed evidence of corruption. The fused vertebrae contained a hollow 22 inner network thought to be vascular tissue. We also review previous reports of tumors in the 23
leukemia in a boa constrictor only a few years later. In 1948, Schlumberger and Lucke presented 53 an impressive review of fish tumors and commented on the state of tumor descriptions in 54 vertebrates. They lamented that previous investigators did a rather poor job at surveying 55 neoplasms in reptiles and this led to a misconception that reptilian neoplasms were rare or 56 absent. Scrutinizing specimens with greater rigor clearly yielded a higher incidence of neoplasia 57 than previously reported. For example, in the same paper they reported over 1,200 examples of 58 renal adenocarcinoma in the frog Rana pipiens in a 15 year period (Schlumberger and Lucke, 59 1948) . 60
One early effort to systematically report on vertebrate neoplasms was the annual report 61 from the Zoological Society of London prosector (e.g., Hill 1952 Hill -1955 Hill , 1957 . Here, all London 62
Zoo causes of death were reported. These annual reports included unexpected tumors, thus 63 raising the profile of neoplasms in non-mammals. Recognizing the paucity of data and 64 importance of comparative information of neoplasms in animals, in 1969 the Smithsonian 65
Institution established the Registry of Tumors in Lower Vertebrates (RTLA) to allow for a 66 common repository for and study of such specimens (Harshbarger, 1969) . The Armed Forces 67
Institute of Pathology and the RTLA were critical in establishing the fact, now widely accepted, 68 snakes. Effron et al. (1977) provided one of the first modern, authoritative estimates of neoplasia 76 in vertebrates from over 10,000 necropsies at the Zoological Society of San Diego. They 77 reported a 3% rate of neoplasia in mammals and 2% in reptiles and birds. None of the 78 amphibians dissected exhibited neoplasia. A more recent report from an exotic species pathology 79 service hypothesized that, among reptiles, neoplasia may be most common in snakes (Garner et 80 al., 2004) . These authors found that neoplasia in snakes are most prevalent in crotalids, followed 81 by viperids, and then boids (including elapids). Simard (2016) recently reported 0.9% of 3995 82 reptiles available to Ghent University had some kind of neoplasm. Most cases were based on 83 assessment of ante-mortem diagnostics; thus this estimate may be low since only very obvious 84 neoplasms were reported. As reptiles are increasingly owned as pets (Collis and Fenili, 2011), 85 systematic reports from the pet trade and associated veterinary profession will be crucial for 86 expanding our knowledge of the incidence of tumors, at least in captive animals. However, this 87 trend of neoplasm reporting will likely generate a bias towards those animals most commonly 88 kept as pets. Thus, natural history collections will remain useful supplements to study neoplasia, 89 especially in rare and 'uncharismatic' species not found in the pet trade (Keck et al., 2011) . 90
In this report, we describe a bony, vascular tumor (osteosarcoma) of the new world elapid 91 coralsnake, Micrurus ancoralis (Jan, 1872). Our discovery was made as part of a larger, 92 systematic study of vertebral morphology in elapid snakes using computed tomography (CT). an osteosarcoma cell line, confirming that CT can accurately describe osteosarcoma without 103 dissection. We also review known elapid tumors and bony tumors in reptiles. 104
Methods & Materials 105

Computed Tomography 106
The formalin-fixed specimen was CT scanned at UT Arlingon's Shimadzu Center for 107
Environmental Forensics and Material Science using a Shimadzu inspeXio SMX-100CT 108 (Shimadzu, Kyoto, Japan). The snake was scanned twice using similar parameters, but with 109 different focal areas. Energy settings were 40kV and 40µA. All slices averaged 6 frames on each 110 of 4 rotations for a total of 1200 views per full rotation. The first, focal scan consisted of 876 111 slices with 9 µm isotropic voxels. A second, multi-loop section with more vertebrae in focus 112 consisted of 1697 slices with 11 µm isotropic voxels. Each scan lasted about 15 min. 113
Raw X-ray data were reconstructed using Shimadzu's inspeXio software and exported as 114 1024 x 1024 16-bit TIFF. Each stack of 16-bit TIFF images was rotated and cropped in ImageJ 115 and imported into Thermo Scientific™ Avizo™ Software 9.5 (Thermo Fisher Scientific, 116
Waltham, MA, US). As a volume, each data set was resampled to align better with the X axis, 117 cropped, filtered using ring-artifact correction, passed through a non-local means filter, and then 118 
Literature Reviews 129
We sought to generate two reviews of neoplasms in snakes: one specific to the snake 130 family Elapidae, and another for all bony tumors in non-avian reptiles. We compiled a list of 131 elapid neoplasms from a thorough literature search using relevant search terms in English, 132
Spanish, German, French, and Dutch. This included searches with combinations of all genera of 133 Elapid snake (reconciled between Campbell and Lamar [2004] and Uetz [2018] ), the terms 134 "elapid," "elapinae," or "Elapidae," and "tumor," "cancer," "neoplasm," or "sarcoma" etc. 135
Similarly, we searched for bony tumors -defined as neoplasms of osteoids, periosteum, skeletal 136 cartilage, and adjacent supporting tissues in the case of metastasis -in combination with 137 common and scientific names for orders and family names of reptiles, per Uetz (2018). In each 138 review, we examined all literature that cited relevant articles and also the references cited within. 139
We did this regardless of whether these secondary articles could be found in the searches laid out 140 above. Given the historical utility of the RTLA (e.g., Harshbarger, 1969), we contacted their 141 current curatorial home to check for any unreported, relevant neoplasms for these reviews. For 142 internal consistency, we updated common and scientific names throughout this report to match
Results 145
Computed Tomography 146
Two cervical vertebrae were fused together in bone and vasculature ( Fig. 1C,D ; Vids. S1, 147 S3). The dorsal region of these two vertebrae was porous and resembled trabecular bone. Fusion 148 of the vertebrae increased from the ventral to dorsal aspect. The surface and interior of the neural 149 arch was entirely fused between the two vertebrae and its surface was porous. In contrast, the 150 surface of cervical vertebrae elsewhere in the same specimen were smooth and not porous (Fig.  151   1A ,B, Vid. S2). The condyle of the anterior fused vertebra and the adjacent cotyle were fused 152 with some porosity. Unaffected vertebrae exhibit a uniform gap. Similarly, the postzygaphyseal 153 and prezygapophyseal articular facets of the affected vertebrae were fused with some porosity. 154
Unaffected vertebrae had a uniform gap (Fig. 1A , Vids. S1, S2). The anterior aspect of the neural 155 spine of the posteriorly adjacent vertebra was split in a Y-shape and porous. The neural spines of 156 the two anteriorly adjacent vertebrae were porous, dorsolaterally blunted, and enlarged on the 157 anterior aspect. The surface of the inside of the neural canal in fused vertebrae was rougher and 158 more porous than unaffected vertebrae. The hypaphosyes of fused vertebrae were not visibly 159 different compared to unaffected vertebrae. Canals, thought to be blood vessels, ran chaotically 160 through each affected vertebra and seamlessly crossed the two vertebrae (Fig. 1D , Vid. S3). By 161 contrast, blood vessels in unaffected bones only ran through the center of each lateral vertebral 162 process, condyle, cotyle, and hypaphosis (Fig. 1B) . 163
Literature Reviews 164
We found 38 cases of neoplasia in the snake family Elapidae, all from old world species 165 (Table 1) . Of 13 cases when sex was reported, four were male and nine were female. 23 (60%) of10.5%) and then third most from Ophiophagus (three; 7.9%). Kidney-related neoplasms were the 168 most reported (nine; 23.7%; Keck et al. 2011) . Despite the limited number of reported elapid 169 neoplasms, reports covered many cell types and locations (Table 1) , including three bony tumors 170 in Naja species. Our review of bony tumors in reptiles revealed 58 cases (Table 2) Prior to this report, we are unaware of any published neoplasms in new world elapid 231 snakes (Table 1) 
